Objective: To evaluate the relationship of metabolic parameters with serum uric acid and percentage of body fat in obese adolescents.
The Relationship of Metabolic Parameters with Serum Uric Acid and Percentage of Body Fat in Obese Adolescents

INTRODuCTION
The prevalence of obesity and Metabolic Syndrome (MS) among children has increased in recent years. Early recognition of children at risk of developing MS and subsequent progression to type 2 diabetes and cardiovascular disease in later life has become more important (1) .
The amount of total body fat and its distribution for the evaluation of obesity is much more important than the body weight alone. Nowadays, many methods are used in the measurement of body fat distribution. Multi-compartment models, underwater weighing, air displacement plethysmography, labeled water techniques and dual-energy X-ray absorptiometry (DXA) are the most reliable methods in obtaining accurate measures of the total body fat (2) . On the other hand, bioelectrical impedance is the most widely used method when the population size is big and a rapid measurement is required (3) .
There is a strong correlation between body mass index (BMI) and percent body fat (4, 5) . Total fat mass plays a crucial role in the development of the metabolic complications (6) . This association is well known in adults (7, 8) . However, only a few studies have been carried out with regard to the association of percentage of body fat (BF %) and the components for MS in children and adolescents (6, (9) (10) (11) Uric acid (UA) is produced from xanthine as the last product of purine metabolism by the action of the enzyme xanthine oxidase (12) . Increased serum UA (s-UA) levels depend either on the excess production of uric acid or develop due to inadequate renal excretion. In previous studies conducted on children and adults, the close relationship between the uric acid level and MS has been demonstrated (13) (14) (15) (16) . However, there are contrary studies in literature reporting no reasonable relationship between s-UA levels and cardiovascular diseases, which is a consequence of MS (17) .
The aim of this study was to evaluate the relationship between MS components and the percentage of BF measured via bioelectrical impedance analysis, and uric acid.
METHODS
Study Design and Patient Selection
This study was conducted by the Pediatric Endocrinology Department of Gazi University Hospital. The parents of all patients aged between 10-16 years who had been brought to the outpatient clinic were approached regarding the inclusion of their children in the study. A total 124 adolescents were included in the study. Two groups were created as normal weight (Control, n=40) and obese (n=84). Obese children were divided into 2 groups according to the presence or absence of MS; Obese MS (-) (n=45) and Obese MS (+) (n=39). All patients were subjected to a careful physical examination. The weights were measured using a calibrated digital scale, whereas the heights were measured in triplicate to the nearest millimeter using a calibrated stadiometer. The abdominal circumference, midway between the lowest rib and the top of the iliac crest at the end of expiration was measured to obtain the waist circumference (WC) (18) . Blood pressure measurements were made with a sphygmomanometer cuff suitable for arm circumference, in the seated position, two times with an interval of two minutes, and the average measurements were recorded. The bioelectrical impedance analysis (Tanita TBF 300, TANITA Corp., Tokyo, Japan) was used to measure the BF according to a standard procedure described earlier. Percentage of body fat-SDS was calculated using the tables developed for Turkish children (19) . Body mass indexes were calculated according to the formula [weight (kg)/height (m) 2 ]. Patients with a history of a chronic disorder or on any medication that could alter the glucose metabolism and those with secondary obesity were excluded from the study. The institutional ethics committee approved the study protocol.
DEFINITIONS
Based on the MS criteria proposed by the International Diabetes Federation (IDF), the patients were diagnosed as having MS when their waist circumference was ≥90 th percentile and when at least two of the following factors were present (1):
(1) Increased fasting plasma glucose concentration of higher than 100 mg/dL or known T2DM. 
Biochemical Measurements
Venous blood samples were obtained from all of the patients from the antecubital region between 8.00 and 8.30 am after an 8-12 hour overnight fast. Glucose, HDL, LDL, cholesterol, triglyceride and uric acid levels were measured with the spectrophotometric method using the autoanalyzer Olympus AU 2700 (Beckman Coulter Inc); the insulin levels were measured with the chemiluminescence method using the autoanalyzer Architect i2000sr (Abbott). Insulin resistance for each patient was estimated by the homeostatic model assessment method (HOMA-IR) using the formula [HOMA-IR= (glucose X insulin)/405].
Statistical Analysis
Statistical analysis was performed using the SPSS 13.0 for Windows (SPSS, Inc., Chicago, IL, USA). Comparisons of the variables with the normal distribution were carried out using the One-way ANOVA. The Pearson's Chi-square and the Fisher Exact tests were used for comparisons of the categorical variables, whereas the correlations between two variables were evaluated using the Pearson's correlation coefficient. The interactions between the body fat percentage and the various metabolic marker variables (systolic BP, diastolic BP, HOMA-IR, triglyceride, HDL and uric acid) were tested using multiple regression models. The values for all parameters, except gender, were expressed as mean ± standard deviation, and a p-value of < 0.05 was considered indicative of statistical significance.
RESuLTS
The mean ages of controls (n=40), MS (-) obese subjects (n=45) and MS (+) obese subjects (n=39) were similar (13.3±2, 13.2±2 and 13.3±1.1 years, respectively, p = 0.92). All the groups were also similar according to their sex and pubertal status (p= 0.48 and p=0.99, respectively). The values of BMI, BMI-SDS, WC, BF %, BF % -SDS, systolic and diastolic BP, fasting insulin, HOMA-IR, triglyceride, HDL and uric acid were significantly different as expected (p<0.001), whereas the fasting blood glucose, total cholesterol and LDL values were similar (p=0.41, p=0.70 and p=0.28, respectively). The baseline metabolic and anthropometric characteristics of the study population have been presented in Table I .
When the correlation between BF%-SDS and the MS components were evaluated, there was a positive correlation between BF%-SDS and BMI, BMI-SDS, WC, systolic and diastolic BP, fasting insulin, HOMA-IR, triglyceride and uric acid, and a negative correlation with HDL (p<0.001). However, there was no correlation between BF%-SDS and fasting blood glucose, total cholesterol and LDL (p>0.05) (Table II) .
Similarly, on evaluation of the correlation between uric acid and the MS components; there was a positive correlation between uric acid, and BMI, BMI-SDS, BF%, BF%-SDS, WC, systolic and diastolic BP, fasting insulin, HOMA-IR triglyceride, and a negative correlation with HDL (p<0.001). However, there was no correlation between uric acid and fasting blood glucose, total cholesterol and LDL (p>0.05) (Table II) .
A multiple regression analysis was carried out with BF%-SDS as the dependent variables, and BMI-SDS, waist circumference, systolic pressure, diastolic pressure, HDL, triglyceride, UA, IR as the independent variables. It was demonstrated that BF%-SDS was significantly related to the systolic BP, WC and UA (ß p< 0.005, p<0.001; p<0.005, respectively) (Table III) .
DISCuSSION
We found that total body fat measured via bioelectrical impedance analysis had a close relationship with MS components that can be attributed to a modified adipokine secretion due to increased total body fat. We also demonstrated a positive correlation between uric acid and MS components.
There are limitations in the use of BMI as a measure of adiposity for the pediatric population, due to variation in BMI with age, sex, puberty and race or ethnicity (20, 21) . It has also been reported that BMI has a low sensitivity to determine the degree of adiposity (11) . Waist circumference (WC) as a measure of abdominal obesity is one of the criteria used for definition of MS (1). The main reason for using WC as an indicator of obesity in the 10-16-year age group in the IDF consensus report is its strong correlation with visceral adiposity (1, 22) . However, there are contrary reports in children that waist circumference is not a reliable predictor in measuring abdominal obesity (23, 24) . Measurement of BF percentage by bioelectrical impedance analysis may be more accurate than BMI and WC and constitute a feasible method in the determination of total body fat as a criterion of MS.
There are many studies in the literature investigating the relationship between body fat and metabolic components in adults (7, 8) . However, only a few studies have been conducted on this subject in childhood and adolescence (6, (9) (10) (11) . The measurement methods and compartments of the measured body fat (total (TFM), visceral (VFM), subcutaneous (SCFM) varied in these studies. We measured the total body fat rate using bioelectrical impedance analysis. To the best of our knowledge, this is the first study to evaluate the relationship between MS components and total body fat rates measured by bioelectrical impedance analysis. Furthermore, this is also the first study in which the total body fat rate is presented as SDS.
We determined a statistically significant correlation between BF% and the MS components (BMI-SDS, WC, BP, HOMA-IR, Triglyceride, HDL, Uric acid). Two different studies conducted with Korean children have similarly found a relationship between the visceral fat rate measured with CT and the MS criteria (9,10). Kim at al. (9) found that visceral fat was independently associated with the BP, blood triglyceride, blood HDL-C, FBG and HOMA-IR level. In their study in which they measured the body fat compartments separately, Druet at al. (6) determined that the body fat rate was associated with the total insulin resistance while the visceral fat rate was associated with MS.
The reason s-UA levels are high in MS is not yet clarified. The studies conducted on this issue have suggested various pathogenetic mechanisms: Facchini et al. (25) demonstrated that the urinary uric acid clearance was decreased in healthy individuals with high insulin resistance. Furthermore, some authors have demonstrated that leptin, which is at high levels in obese individuals, increases the renal re-absorption of uric acid (26) . It has also been demonstrated that increased fructose consumption in obese individuals contributes to the increase of uric acid levels (27). In their study conducted with 4073 individuals, Gao et al. (28) reported that a higher consumption of sweetened foods in daily nutrition was associated with high s-UA levels.
Large epidemiological studies have demonstrated that the frequency of MS increases in parallel with increasing s-UA levels (13, 29) . In a study comparing the MS prevalence for s-UA levels among 1370 adolescents aged between 12 and 17 years, Ford et al. (14) showed that the MS frequency is lower than 1% for the s-UA levels in the first quarter group and 21.1% for the s-UA levels in the fourth quarter group. Some authors advocate that s-UA levels should be added to the MS diagnostic criteria (29, 30) . However, the causal relationship between uric acid and MS cannot be fully explained. There is a close relationship between the degree of insulin resistance, which is thought to be the main triggering factor among the development of MS components, and s-UA. For instance, medications that improve insulin sensitivity also decrease the level of s-UA (31).
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Our study had several limitations. Our sample size was small. Secondly, bioelectric impedance does not enable analysis of the regional body composition in contrast to imaging techniques and DXA. However, we should keep in mind that procedures other than bioelectrical impedance analysis are not yet feasible, and the effect of radiation in this age group is another concern.
In conclusion, total body fat measured via bioelectrical impedance analysis and uric acid had a close relationship with MS components and may be a useful predictive marker for MS diagnosis. Larger comprehensive studies with an increased number of cases in each group are needed to explore this relationship. 
